Abstract: 'Intelligent agriculture' is intelligent agriculture expert system. With the development of mobile device and unmanned aerial vehicle technology, modern agricultural producer has been able to use mobile aggregator to collect real-time data in greenhouses. The sensor nodes around all the greenhouses compose a wireless sensor network. And the mobile aggregator is responsible for the data aggregation for intelligent agriculture. In order to reduce the energy consumption of mobile aggregator, we usually can decrease the distance of the mobile aggregator to collect the data around all the greenhouses. By designing an optimal path through all the greenhouses, the energy consumption of the mobile aggregator can be greatly decreased. In this paper, we use genetic algorithm to solve the optimal path problem. With two experiments, we can get some guidelines when use genetic algorithm to solve the optimal path problem.
Introduction
IoT has become an indispensable part of the new generation of information technology under the information society. There are a lot of important applications in IoT (Li et al., 2015) , such as smart city, intelligent agriculture and so on. In the problem model section, we present the optimisation model of how to save the energy consumption of mobile aggregator (Zhou et al., 2016) .
'Intelligent agriculture' is intelligent agriculture expert system, is the specific application of 'perception of China' concept in agriculture development area (Li, 2011) . It refers to the use of IoT technology and cloud computing information technology to make the 'three rural' industry digital, intelligent, low carbon, ecology and intensive (Dan et al., 2016) . With Intelligent agriculture, agricultural producer can integrate the existing agricultural infrastructure, communication equipment and information facilities from space, organisation and management. Intelligent agriculture makes the development of agriculture harmonious and becomes the concrete practice and application of the two integrations in the field of agricultural development. Intelligent agriculture mainly comprises three layers: perception layer, communication layer and application layer. As a new interactive system, intelligent agriculture has the capability to real-time interact between virtual network and the real world. To make real-time interaction, data sensing is required from anywhere and anytime. Wireless sensor network is composed of many sensors, can cover a longer distance and will be able to achieve long-range identification information. Therefore, wireless sensor network is more suitable for a wide range of intelligent agriculture applications.
Wireless sensor network, as the most important part of the Internet of things, has the ability of perception (Rani et al., 2015) . So it can collect a lot of useful information in intelligent agriculture, such as the temperature, moderate, carbon dioxide concentration of greenhouses. Using these sensor nodes can help agricultural producers to control agricultural production, real-time monitor all the useful parameters in greenhouses which make agricultural producers easier to understand the growth of crops. In the traditional WSN (Lin et al., 2005) , the data collected by the sensors are implemented by multi hop, that sensor node cannot send their collected data to the base station, they can only send their collected data to their neighbour nodes and with the help of these neighbour nodes, their collected data can be sent to the base station finally.
With the development of mobile device and unmanned aerial vehicle technology, modern agricultural producer, has been able to use mobile aggregator or mobile sink (Chen et al., 2012) to collect real-time data in greenhouses. The most important advantage of the use of mobile aggregator is to save sensor nodes' energy because the multi-hop in the traditional WSN will cost more communication overhead, which further will cost more energy (Karakus et al., 2013) . Usually, mobile aggregator uses battery to get energy. Therefore, in order to make them work better and more lasting, we need to design better protocol for the mobile aggregator to reduce their use of the battery. Currently, energy saving WSN protocol has become a hot research topic (Halkes et al., 2005) .
By designing an optimised path through all the greenhouses, the energy consumption of the mobile aggregate can be greatly reduced. Therefore, it is of great practical significance to study the optimisation path of mobile aggregator, which can greatly promote the development of intelligent agriculture.
Theoretical model
In this section, we will present system model and problem model.
Intelligent agriculture mainly comprises three layers: perception layer, communication layer and application layer. As a new interactive system, intelligent agriculture has the capability to real-time interact between virtual network and the real world. In intelligence agriculture, plants are generally grown in greenhouses. Around each of the greenhouses, all kinds of sensors will be installed which will take part of the sensing work, which will collect the temperature, humidity, carbon dioxide concentration of the greenhouse (Hou and Gao, 2010) . Therefore, the sensor nodes around the entire greenhouse compose a wireless sensor network. These sensed data by sensors will be used to monitor greenhouse environment and according to the analysis on these data, agriculture managers or producers are able to judge whether the parameters of the greenhouses are reasonable. In each sensing period, the mobile aggregator will start their collect work from a position where the managers setup the control centre, then move on to all the agricultural greenhouses and collect the data from sensor nodes. At last, it will come back to the start place and finish the collect work for one sensing period. The process can be seen from the following figure. The system model is made of two types of devices: mobile aggregator and sensor node.
In traditional hop-hop based WSN, each sensor node needs to transfer the cipertext to the base station by hop-hop which makes each sensor node have to receive more cipertexts and send one cipertexts. While in the WSN with mobile aggregator, in every data sensing period, each node only need to send one data, which causes only once communication. Thereby, the WSN with mobile aggregator enjoys better the energy efficiency.
In order to save the energy of the mobile sink, agriculture managers want to design an optimal path, namely, a distance that in each sensing period, the mobile aggregator need to cover all agricultural greenhouses after a total distance. Therefore, the mobile aggregator can collect data from all the sensors with lest distance which leads to lest energy consumption.
We assume that an agriculture manager owns n greenhouses, G: g 1 , g 2 , …, g n and he is able to setup his control centre beside any of the greenhouses. That is, the mobile aggregator can set any of the greenhouses as a starting point which is also the end point of the sensing task in this sensing period. The distance between each of the two greenhouses can be described by the following matrix. 
The agriculture manager wants to find an optimal path, so that mobile aggregator can go through all the greenhouses once which are also the shortest path. Assuming the time cost, namely, the sensing period, when mobile aggregator goes through all the greenhouses is T = |t 1 , t 2 , …, t n |, where t i belongs to G{g 1 , g 2 , …, g n }. Then, the agriculture manager wants to get the following optimal solution:
We can find that this problem is similar to the travelling salesman problem (TSP) (Dorigo et al., 1997) . In this paper, we use genetic algorithm (GA) to solve our model problem.
Solution using GA
GA is a computational model for simulation of Darwin's evolution theory. With natural selection and genetic mechanism of the process of biological evolution, GA is a method by simulating the process of natural evolution to search for the optimal solution. We use the following steps to design a GA for solving the optimisation problem:
a Initialisation: set up the evolution of the algebraic counter t = 0, set the maximum evolutionary algebra T, randomly generated M individuals as the initial population of P(0).
b Individual evaluation: calculate the fitness of each individual in the group P(t).
c Selection operation: the purpose of selection operator on groups is to do the optimisation of the individual to the next generation or through a pair of cross generation to generate new individuals and then to generate the next generation. The selection operation is based on the evaluation of the fitness of the individual in the group.
We choose tournament selection as our selection operator because tournament selection has many benefits compared with alternative selection methods, such as fitness proportionate selection and reward-based. The tournament selection method is efficient for writing code and it can work on parallel computation architectures which enjoys computation efficiency. In addition, the tournament selection method allows the selection pressure to be easily adjusted (Miller et al., 1995) .
d Crossover operation: the crossover operator acting on the group. The so-called cross refers to the two generations of individual parts of the structure to replace the restructuring and the operation of the new individual. Crossover operator is the key function of GA.
e Mutation operation: the mutation operator on the group is to maintain genetic diversity from one generation of a population of GA chromosomes to the next.
f Termination condition judgment: if t = T, then stop the GA and output the individuals as the optimal solution.
Experimental evaluation
We design an experiment environment, in which, there are 15 greenhouses and the distances between each two greenhouses are described as the following two-dimensional array: [0, 5, 5, 6, 7, 2, 5, 2, 1, 5, 5, 1, 2, 7, 5] [5, 0, 5, 5, 5, 2, 5, 1, 5, 6, 6, 6, 6, 1, 7] [5, 5, 0, 6, 1, 6, 5, 5, 1, 6, 5, 7, 1, 5, 6] [6, 5, 6, 0, 5, 2, 1, 6, 5, 6, 2, 1, 2, 1, 5] [7, 5, 1, 5, 0, 7, 1, 1, 2, 1, 5, 6, 2, 2, 5] [2, 2, 6, 2, 7, 0, 5, 5, 6, 5, 2, 5, 1, 2, 5] [5, 5, 5, 1, 1, 5, 0, 2, 6, 1, 5, 7, 5, 1, 6] [2, 1, 5, 6, 1, 5, 2, 0, 7, 6, 2, 1, 1, 5, 2] , 5, 1, 5, 2, 6, 6, 7, 0, 5, 5, 5, 1, 6, 6] [5, 6, 6, 6, 1, 5, 1, 6, 5, 0, 7, 1, 2, 5, 2] [5, 6, 5, 2, 5, 2, 5, 2, 5, 7, 0, 2, 1, 2, 1] [ 1, 6, 7, 1, 6, 5, 7, 1, 5, 1, 2, 0, 5, 6, 5] [2, 6, 1, 2, 2, 1, 5, 1, 1, 2, 1, 5, 0, 7, 6] [7, 1, 5, 1, 2, 2, 1, 5, 6, 5, 2, 6, 7, 0, 5] [5, 7, 6, 5, 5, 5, 6, 2, 6, 2, 1, 5, 6, 5 , 0]
We conduct two experiments. The first one is to calculate best distance and the worst distance when the generation number increases from 10 to 50, with a fixed group size 10. While the second one is to calculate best distance and the worst distance when the group size increases from 10 to 1,000, with a fixed generation number 20.
In the first experiment, we set the group size as a fixed value, 10 and calculate the best distance and the worst distance when the generation number increases from 10 to 50. We can see the result of the first experiment in Figure 2 .
Both the best and worst distance will decrease when the generation number increases. The best distance changes from 21 to 17 while the worst distance changes from 67 to 37. Then after 50 generations, we obtain the optimal path which is 17. In the second experiment, we set the generation number as a fixed value, 20 and calculate the best distance and the worst distance when the group size increases from 10 to 1000. From Figure 3 , we can see that the best distance decreases from 21 to 17 when the group size increases. But the worst does not decrease because the larger the group size is, the more variability the group. In both the two experiments, we can get the optimal path for the mobile aggregator in the set experimental environment.
In addition, according to the above two experiments, we can see that in practical application of intelligence agriculture, we can set a small group size and a large generation number to calculate the optimal path.
Conclusions
'Intelligent agriculture' is the specific application of 'perception of China' concept in agriculture development area. Wireless sensor network, as the most important part of the Internet of things, has the ability of perception. So it can collect a lot of useful information in intelligent agriculture.
With the development of mobile device and unmanned aerial vehicle technology, modern agricultural producer, has been able to use mobile aggregator to collect real-time data in greenhouses. In order to reduce the energy consumption of mobile aggregator, we usually can reduce the distance that in each sensing period, the mobile aggregator need to cover all agricultural greenhouses. By designing an optimal path through all the greenhouses, the energy consumption of the mobile aggregator can be greatly reduced.
In this paper, we use GA to solve the optimal path problem for mobile aggregator in intelligent agriculture. We conduct two experiment, both of them get the optimal path. According to these two experiments, we also get some guidelines when use GA in intelligent agriculture.
